Reversible inactivation of alkaline phosphatase from Atlantic cod (Gadus morhua) in urea.
Alkaline phosphatase (AP) from Atlantic cod (Gadus morhua) is a zinc and magnesium containing homodimer that requires the oligomeric state for activity. Its kinetic properties are indicative of cold-adaptation. Here, the effect of urea on the structural stability was studied in order to correlate the activity with metal content, the microenvironment around tryptophan residues, and events at the subunit interface. At the lowest concentrations of urea, the first detected alteration in properties was an increase in the activity of the enzyme. This was followed by inactivation, and the release of half of the zinc content when the amount of urea reached levels of 2 M. Intrinsic tryptophan fluorescence and circular dichroism ellipticity changed in the range 2.5 to 8 M urea, signaling dimer dissociation, followed by one major monomer unfolding transition at 6-8 M urea as indicated by ANS fluorescence and KI fluorescence quenching. Gibbs free energy was estimated by the linear extrapolation method using a three-state model as 8.6 kcal/mol for dimer stability and 11.6 kcal/mol for monomer unfolding giving a total of 31.8 kcal/mol. Dimer association had a very small ionic contribution. Dimers were stable in relatively high concentration of urea, whereas the immediate vicinity around the active site was vulnerable to low concentrations of urea. Thus, inactivation did not coincide with dimer dissociation, suggesting that the active site is the most dynamic part of the molecule and closest related to cold-adaptation of its enzymatic activity.